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® Process for the production of microbial cellulose. 



© A process for the production of extra-cellular microbial cellulose having the following 4 steps: (a) a growth 
step in which a bacterium is cultured in stirred batch culture until the carbon source present is substantially 
exhausted, (b) an accumulation step in which the carbon source is supplied continuously to the culture, (c) a 
removal step and (d) a separation step. The microbial cellulose produced by the process is readily usable as a 
bulking agent in foods or as a tabletting aid. 
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Process for the production of microbial cellulose 



This invention relates to a process for the production of microbial cellulose. 

A number of bacteria, particularly strains of the genus Acetobacter , can be cultivated to produce 
microbial cellulose. The microbial cellulose is produced extra-cellularly in the form of a fibril attached to the 
bacterial cell. Fibrils from different cells intermesh to give pellicles which are mixtures of cellulose and cells. 

5 A process for the production of microbial cellulose is disclosed in GB 2131701. To date processes for the 
production of microbial cellulose have used static cultivation methods with the pellicles of microbial 
cellulose being formed upon the surface of the static culture which is usually contained in shallow trays. Up 
to the present satisfactory yields of microbial cellulose have only been obtained by static cultivation. 
Attempts to make microbial cellulose reproducibly over periods of days by cultivation in shake flasks and 

ro stirred cultures have not been successful and have produced only low yields. Consequently it has to date 
been widely considered that static culture is necessary for a successful process for the production of 
microbial cellulose - see the articles by (a) Schramm & Hestin (J Gen Microbiol, 11, 123, 1954), (b) Wright 
& Walker (Chem & Ind (Rev), 74, 18, 1955), (c) Shimwell (J Inst Brew, 62, 339, 1956), (d) Steel & Walker (J 
Gen Microbiol, 17, 12. 1957a) and (e) Dudman (J Gen Microbiol, 22, 25-39, 1960). 

75 Microbial cellulose pellicles have excellent liquid absorbing properties and can be used in a wide 
variety of medical applications, eg in absorbent pads as described in GB 2131701. For such medical 
applications the pellicles produced in static culture can be used directly. However, there are other non- 
medical uses for microbial cellulose and for such non-medical uses it is generally necessary for the 
pellicles to be broken into smaller pieces. 

20 Microbial cellulose can be regarded as an extra-cellular polysaccharide. Such polysaccharides when 
produced by batch or continuous cultivation processes are normally produced with a substantial surplus of 
carbon source present in the medium under conditions of limitation by another nutrient such as the nitrogen 
or phosphorus sources. Often the carbon source is present in very considerable excess eg in processes for 
producing xanthan gums. 

25 According to the present invention we provide a process for the production of extra-cellular microbial 
cellulose in which a bacterial strain capable of producing extra-cellular microbial cellulose is aerobically 
cultivated in a culture medium containing a carbon source and other necessary nutrients wherein the 
process comprises the steps:- 

(a) a growth step in which the bacterial strain is cultivated in stirred batch culture until substantially all 
30 the carbon source present has been utilized and the culture is carbon limited; 

(b) an accumulation step in which the carbon source is supplied continuously to the carbon limited 
culture at a rate sufficient to maintain it in carbon limitation and to enable microbial cellulose to accumulate 
during stirred cultivation; 

(c) a removal step in which bacterial cells and accumulated microbial cellulose are removed from the 
35 culture at the end of the accumulation step; and 

(d) a separation step in which microbial cellulose is separated from the cells. 

Any bacterial strain capable of producing extra-cellular microbial cellulose may be used in the process 
of the invention. Suitable strains include strains belonging to the genus Acetobacter for instance strains of 
the species Acetobacter xylinum , such as strain ATCC 23769. 
40 A very suitable strain is Acetobacter orleanensis strain NCIB 12584 received and accepted for deposit 
on 24 September 1987, under the terms of the Budapest Treaty on the International Recognition of the 
deposit of microorganisms for the Purposes of Patent Procedure, by the National Collection of Industrial 
Bacteria, (NCIB) Torry Research. Station, PO Box 31, 135 Abbey Road, Aberdeen. Scotland, UK, and 
variants and mutants derived from this strain. Another suitable strain is Acetobacter aceti subsp. orleanensis 
45 strain NCIB 8747 available from NCIB. 

The growth and accumulation steps can be preferably carried out in the same fermenter. They 
can.however, be carried out in separate fermenters with the culture produced in the growth step being 
transferred from the fermenter in which it is produced into a second fermenter to which the carbon source is 
supplied continuously. This transfer can be made before the growth step is completed and before growth 
so under carbon limitation has begun. The fermenters used can be stirred mechanically or can be of the "air- 
lift" type in which stirring is effected by blowing an oxygen-containing gas into the fermenter. 

Examples of suitable "air-lift" fermenters are those described in our UK Patent Specifications Nos. 
1353008, 1417486 and 1417487. 

In the process of the invention the carbon source is auitably a carbon source for growth but this is not 
necessarily the case. A wide range of carbon sources may be used including lactate, ethanol, glycerol, 
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molasses and other sugars such as fructose and particularly glucose. Suitably the culture medium for the 
growth step initially contains the carbon source at a concentration within the range 2 to 20 grm/1. During the 
accumulation step the carbon source is preferably supplied to the culture at a concentration within the 
range 1 to 10 grms/1 per hour. A suitable culture medium for the growth and accumulation steps has the 

5 following composition:- 

Peptone ('oxoid*) : 5.0 g/l 
Yeast extract ('oxoid') : 5.0 g/l 
N^HPO* : 2.7 g/l 
Citric acid : 1.15 g/l 

io Glucose : 20 g/l 
Made up to pH 6.0 

The initial pH at which the growth and accumulation steps are carried out is suitably within the range 4 
to 6.5 with a pH of approximately 5 being preferred. Suitably the growth and accumulation steps are carried 
out at a temperature within the range 15 a C to 35°C, preferably within the range 20 °C to 28 °C. 

75 During the accumulation step the culture is supplied with the carbon source at a rate such that the level 
of this source in the supernatant liquid is always in the range 0 to 0.5 g/l. Concentrations of other nutrients 
in the culture are graduaily reduced until the supply of one or more of the other nutrients in the culture 
becomes exhausted. The accumulation step can be terminated at this point or further supplies of the other 
nutrients can be added. In the latter case cultivation can be continued until the culture becomes too viscous 

20 for satisfactory aeration. During the accumulation step extra-cellular microbial cellulose is formed as ftocs 
rather than the large pellicles formed during static cultivation. 

After completion of the accumulation step, the mass of cells and accumulated microbial cellulose is 
removed from the culture in the removal step by any suitable method. Preferably, this is done by filtration. 
The cellulose is thereafter separated from the cells in the separation step. The separation is suitably done 

25 by treating the mass of cellulose and cells with a reagent eg an alkaiine reagent, which will dissolve the 
cells without affecting the cellulose which can then be separated. A preferred method for dissolving the 
cells and separating the cellulse is to treat the cell/cellulose mass with a dilute sodium hydroxide solution, 
e.g. a 0.1 - 5.0% (preferably 0.3 - 3%) sodium hydroxide solution. After separation the microbial cellulose 
can be further treated, e.g. by drying. 

30 The microbial cellulose produced by the process of the invention is more readily usable as a bulking 
agent in foods or as a tabletting aid than is the microbial cellulose produced in pellicle form by static 
cultivation processes. 

A wide range of culture media are suitable for use in the process of the invention and the media can be 
formulated by the usual processes of experimentation familiar to those skilled in the art. 
35 The invention is illustrated by the following examples:- 



EXAMPLE 1 
40 The following medium was made up:- 

Medlum 

Peptone (oxoid) : 

45 

Yeast extract (oxoid) : 
Na 2 HP0 4 : 
Citric acid 

50 Glucose : 

pH 

55 A flask containing 250 ml of this medium was incubated with 5 mis of the supernatant which resulted 
from the agitation of a 7 day old stationary culture of Acetobacter aceti subsp. orleanensis strain NCIB 
8747, produced from colonies of cellulose producing cells picked out and separated from colonies of non- 
cellulose producing cells after the cells generally had been plated out, and incubated in the same medium 
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2.7 
1.15 
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at 28°C. The flask was incubated at 120 rpm on a rotary shaker for 2 days at 28°C. After this time the 
resultant growth was transferred to a fermentation vessel containing 3 litres of the above medium except 
that the glucose concentration was 2.5 g.l 1 . 

The fermenter was operated at 28*0. the agitation was at 500 rpm and the pH was maintained at pH 6 
by addition of alkali. Supernatant glucose was monitored and when it dropped below 0.5 -0.2 g.l 1 glucose 
was added as a sterile solution at such a rate that the supernatant level was maintained at 0.5 - 0.2 g.l \ 

After approximately 4 days the fermentation was ended and the yield of cellulose obtained was 5.2 

g.f\ 



EXAMPLE 2 

The following basic medium was prepared:- 
Yeast extract : 5.0 g/l 
15 Peptone : 5.0 g/l 

KH 2 PO» : 1 .9 g/l 

NaH 2 P0 4 : 1 .56 g/l 

(NH*),SO. : 1 .80 g/l 

MgSO*.7H 2 0 : 0.20 g/l 
20 Citric Acid : 1.15 g/l 

FeCU.6H a O : 0.001 g/l 

Trace Elements : 1 .00 g/l 

The basic medium was thereafter used in 3 separate experiments using the following 3 microorganisms:- 
Acetobacter sp strain NCIB 8623 
25 Acetobacter pasteurianus strain NCIB 7029 
Acetobacter pasteurianus strain NCIB 5346 

The experimental procedure was the same with each microorganism. In each case 200 ml of the basic 
medium plus 20 g f 1 glucose was sterilised in a 1000 ml baffled flask for 27 min at 121 °C. Filter sterilised 
cetlulase solution was added (2 mis of a V5 dilution of "CELLUCLAST" (RTM) sold by the Novo Company 
30 of Denmark). 

A loopful of the microorganism to be tested in each experiment was removed from an agar plate and 
was used to inoculate the shake flask in each experiment. The flask was inoculated at 30 °C for 24 h at 200 
rpm on an orbital shaker. 

The culture produced above was used to produce microbial cellulose, the production conditions being 
35 the same in each experiment. In each case a fermenter was a marking volume of 3 to 4 litres was used, 
working under the following conditions:- 

Temperature : 30 °C 
pH : 5.00 (controlled using 2 M Na OH and 2lvt HC!) 
Aeration : 0.25 V/V/M 
40 Agitation : 500 rpm. 

The medium used was that described above, comprising the basic medium and glucose except that the 
initial concentration of glucose was 10 g M. On exhaustion of the glucose, glucose was fed to the 
production fermenter at a rate of 1.0 g f '/h until the completion of the fermentation. 

The results are set out in Table 1 and are shown in the graph of yield (g glucose/g cellulose) against 
45 time (h) in the drawing. 
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Table 1 



w 



15 



20 



Time (hrs) 



16.5 

23 

28 

41 

45 

48 

64 



Yield (gm cellulose/gm glucose) 



NCIB 8623 | NCIB 7029 | NCIB 5346 



.010 



.070 



.040 



.023 



.095 



.130 
.110 



.010 
.042 

.070 

.090 
.080 



25 EXAMPLE 3 



A shake flask was inoculated with strain NCIB 12584 (otherwise known as strain 99) which was grown 
for 24 hours after which time the purity of the resulting cellulose was assessed. This culture was then 
transferred to a fermenter containing a medium in which the carbon source glucose was present at a 
concentration of 10 g/l. The glucose concentration was monitored during growth of the culture and, when it 
was found to have fallen to 0.5 g/I, feeding of glucose to the fermenter was begun and was continued for 64 
hours. Measurements of cell dry weight (g/l), cellulose dry weight (g/l) and glucose uptake (g/I) were taken 
at intervals and the results are set out in Table 2. This shows that the optimum yield of cellulose (i.e. g 
cellulose per g glucose) was achieved after 41 h. Thereafter glucose continued to be consumed to produce 
increased cell dry weight without producing further cellulose. 
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Table 2 
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I 1.38 
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I 23.80 
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Claims 

1. A process for the production of extra-cellular microbial cellulose in which a bacterial strain capable of 
producing extra-cellular microbial cellulose is aerobically cultivated in a culture medium containing a carbon 
source and other necessary nutrients wherein the process comprises the steps:- 

(a) a growth step in which the bacterial strain is cultivated in stirred batch culture until substantially all 
the carbon source present has been utilized and the culture is carbon limited; 

(b) an accumulation step in which the carbon source is supplied continuously to the carbon limited 
culture at a rate sufficient to maintain it in carbon limitation and to enable microbial cellulose to accumulate 
during stirred cultivation; 

(c) a removal step in which bacterial cells and accumulated microbial cellulose are removed from the 
culture at the end of the accumulation step; and 

(d) a separation step in which microbial cellulose is separated from the cells. 

2. A process according to claim 1 wherein the bacterial strain is an Acetobacter strain. 

3. A process according to claim 2 wherein the bacterial strain is Acetobacter strain NCIB 12584 or a 
variant or mutant derived from this strain. 

4. A process according to claim 2 wherein the bacterial strain is Acetobacter xylinium strain ATCC 
23769 or Acetobacter aceti subsp orieanensis strain NCIB 8747. 

5. A process according to any one of the preceding claims wherein the initial carbon source 
concentration during growth step (a) is within the range 2 to 20 g/t/ 

6. A process according to any one of the preceding claims wherein during accumulation step (b) the 
carbon source is supplied to the culture at a concentration within the range 1 to 10 q/\ per hour. 

7. A process according to any one of the preceding claims wherein the carbon source is a carbon 
source for growth of the bacterial strain. 

8. A process according to any one of the preceding claims wherein the initial pH at which the growth 
and accumulation steps are carried out is within the range 4 to 6.5. 

9. A process according to any one of the preceding claims wherein the temperature at which the growth 
and accumulation steps are carried out is within the range 15° to 35 a C. 

10. A process according to any one of the preceding claims wherein during separation step (d) the 
bacterial cell/cellulose mass is treated with a sodium hydroxide solution having a concentration in the range 
0.1 to 5.0%. 



0 279 506 




(3SOTITT33 6/ 3S03ni9 6) 013IA 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 30 0279 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION Got. CL4) 



P,X 



EP-A-0 228 779 (CETUS CORP.) 
* Page 3, lines 2-5; page 3, lines 
15,16; page 4, lines 30-33; page 7, 
last paragraph; page 10, lines 40-53; 
page 11, lines 26-43; page 11, line 58 



CHEMICAL ABSTRACTS, vol. 49, no. 2, 
25th January 1955, abstract no. 1143h, 
Columbus, Ohio, US; S. HESTRIN et al.: 
"Synthesis of cellulose by Acetobacter 
xylinum. II. Preparation of 
freeze-dried cells capable of 
polymerizing glucose to cellulose", & 
BIOCHEM. J. 58, 345-52(1954) 

* Abstract * 

K.S. KANG et al . : "Microbial 
Technology. Microbial Processes", 2nd 
edition, vol. 1, 1979, pages 417-421, 
chapter 13: "Polysaccharides", H.J. 
Peppier, D. Perluan, Academic Press 

* Pages 419,420 * 

J. LEVY et al.: "Introductory 
microbiology", 1973, pages 95-113, part 
4: "Bacteria and their environment", 
John Wiley & Sons, Inc., New York, US 

* Page 106; figure 4-3 * 



The present search report has been drawn up for alt claims 



1-10 



C 12 P 19/04 // 
(C 12 P 19/04 
' C 12 R 1:02 ) 



TECHNICAL. FIELDS 
SEARCHED (lot. CI*) 



C 12 P 



Plm of uvea 

THE HAGUE 



D*e of coMpfctkM »f tte sewtfc 

22-04-1988 



ESPINOSA Y CARRETERO M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if takea alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : boo- written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the sane patent family, corresponding 
document 



